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Abstract 

Aim, Scope and background. Given the communication limita¬ 
tion of a damage-oriented approach, the question addressed in 
this paper is how normalisation can be developed instead. Nor¬ 
malisation of product service systems without value choices is, in 
accordance to ISO 14042, suitable for external communication. 
Reason normalisation approaches use a geographically-defined 
baseline year of emissions, optionally combined with politically 
established target emissions (Guinee 2002, Stranddorf et al. 2001). 
In contradiction to these approaches, this paper aims to draw up 
the general structure of an alternative normalisation procedure. 
The normalisation procedure suggested here is based on environ¬ 
mental quality objectives (EQO), in order to streamline the result 
to include as few output parameters as possible, without compro¬ 
mising the scientific robustness of the method. 

Main Features. This article describes a normalisation procedure 
based on environmental quality objectives. Comparison between 
this approach and a damage-oriented approach is conducted. 
The relevant working area concerning dose and effect is evalu¬ 
ated. Then a discussion is conducted focusing on the trade-off 
necessary to achieve an integrated category indicator, covering 
the following issues; model reliability, user applicability and the 
unambiguously of the result. 

Result. A damage-oriented approach will have to take into ac¬ 
count all the defined consequences from all impact categories 
that affect the safeguards in parallel. In other words, each im¬ 
pact category indicator and its potential effects on all safeguards 
must be evaluated and accounted for. In the case where a single 
category indicator cannot be found without utilising value 
choices, a number of category indicators will then have to con¬ 
stitute an intermediate category indicator result, where weight¬ 
ing must be applied in order to streamline the result. 

In contrast to the above approach, the suggested normalisation 
procedure utilises the precautionary principle with respect to the 
essential EQO in order to achieve a category indicator result, called 
a critical load category indicator result. In practice, this means that 
the number of figures in an LCLA-profile based on critical load will 
always be the same as the number of impact categories. 

Conclusions. The suggested EQO normalisation procedure forms 
a set of critical loads per impact category, where each is defined 
by a critical load function where linearity is defined between a 
zero load and the critical load. This procedure will affect the 
temporal resolution and the field of application of the LCIA 
method. The positive aspect is that the suggested normalisation 
procedure renders the method applicable for long-lived prod¬ 
ucts like, for example, buildings or other infrastructures. This 
aspect is gained by reducing the damage-oriented resolution. 


Consequently, for long-lived products where the main environ¬ 
mental loads will appear in the future, it is hard to assess by a 
damage-oriented LCIA method (if all boundary conditions are 
not assumed to be fixed). The EQO normalisation method will, 
in this respect, improve the overall reliability of the outcome of 
an LCA when long-lived products are assessed. For short-lived 
products, adequate boundary conditions can be achieved, and 
for this reason a damage-oriented approach will have the possi¬ 
bility to address current consequences. Nevertheless, a damage- 
oriented approach working area is not applicable beneath thresh¬ 
olds unlike the EQO normalisation procedure. The most effective 
decision support of short-lived products is therefore achieved 
when both approaches are applied. 

Outlook. A complementary paper will be produced where the 
described normalisation procedure is exemplified in a case study, 
with special interest on assessment of chemical substances. 


Keywords: Critical load; damage function; environmental quality 
objectives (EQO); LCA communication obstacles; LCA disclo¬ 
sure to public; life cycle assessment (LCA); life cycle impact as¬ 
sessment (LCIA); normalisation; precautionary principle 


Introduction 

Information from life cycle assessments (LCA) is often de¬ 
scribed as being scientifically based. This is probably one rea¬ 
son why LCA is regarded as one of the most important life- 
cycle based tools in contexts such as life cycle management 
(LCM 2000) the Europeans Commission's approach for Inte¬ 
grated Product Policy (IPP) (EU 2001a, EU 2001b) and in 
third party certified product declarations (e.g. GEDnet 2002). 

Whilst LCAs are scientifically-based, they are not necessarily 
precise. In order to be precise, an enormous amount of pa¬ 
rameters would be required to describe complex phenomena 
such as the environment cause effect chains. In reality, lack of 
knowledge of these parameters makes a precise assessment 
impossible. For this reason, simplifications are introduced to 
the model. As a result, boundary conditions have to be valid 
in order to achieve reliable results from the applied model. 
The model simplifications or estimations must therefore be 
defined, justified and verified in a transparent way. When non¬ 
specialists use procedures such as impact assessment methods 
in an LCA, the limitations and context of this decision sup¬ 
port system must be clearly and convincingly described. 

The mandatory parts of the LCA environmental assessment, 
described in the ISO standard 14042 "... - Life cycle im¬ 
pact assessment" (LCIA) (ISO 2000) are strictly regarded as 
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an issue handled by natural science. This is appropriate when 
the aim is to analyse or estimate the potential environmen¬ 
tal effect of emissions from a product system in the life cycle 
inventory (LCI). This leads us to model the environmental 
fate of the substances emitted and ideally express the contri¬ 
bution of these loads to different damage functions (Udo de 
Haes et al. 1999). A crucial disadvantage of this kind of 
damage-oriented approach is that value choices are neces¬ 
sary in order to interpret the results and cannot be removed 
by further scientific development (Udo de Haes and Jolliet 
1999). According to ISO 14042, the results of this kind of 
LCIA are not appropriate for external communication. Un¬ 
der the title 'Comparative assertion disclosed to the public' 
it is established in ISO 14042 that "Weighting,..., shall not 
be used for comparative assertion disclosed to public". Un¬ 
der Note 4, it is stated that a comparative assertion is an 
environmental claim regarding the superiority or equivalence 
of one product versus another product that performs the 
same function. Furthermore, the standard makes a clear dif¬ 
ference between assumptions, other operations and value 
choices that include subjectivity. These aspects are often 
handled by disciplines other than environmental science. 

Given the communication limitation of a damage-oriented 
approach, the question addressed in this paper is how nor¬ 
malisation can be developed instead. Normalisation with¬ 
out value choices of product service systems is, in accord¬ 
ance to ISO 14042, suitable for external communication. 
Reason developed normalisation approaches use a geographi¬ 
cally defined baseline year of emissions, optionally combined 
with politically established target emissions (Guinee 2002, 
Stranddorf et al. 2001). Another interesting normalisation/ 
valuation method is developed by Umwelt Bundes Amt 
(Schmitz and Paulini 1999). In this method, a normalisation 
based on distance to political target and environmental con¬ 
cern was chosen for a careful ranking and grouping without 
actual weighting. In contradiction to these approaches, this 


paper aims to draw up the general structure of an alternative 
normalisation procedure utilising environmental quality ob¬ 
jectives combined with the precautionary principal. However, 
this paper shares the same field of interest that is addressed in 
the elaborate UBA method, i.e. to streamline the result to in¬ 
clude as few output parameters as possible, without compro¬ 
mising the scientific robustness of the method. The idea to 
utilise environmental quality objectives is also suggested by 
Brent (2002) as part of a weighting method. 

1 Characteristics of environmental impact assessment 
in LCA 

1.1 LCA and LCIA 

An LCA is divided in a number of steps, defined by ISO 
14040 (1997) (ISO 1998, ISO 2000b).This article concerns 
the life cycle impact assessment (LCIA) step (ISO 2000a). 

The result from the first step of an LCA, life cycle impact 
assessment (LCI), is hereafter referred to as an LCI profile 
and includes the emissions and resources related to the func¬ 
tional unit. The LCIA condenses the LCI profile and assigns 
the environmental significance resulting from the use of the 
functional unit calculation (Fig. 1). 

Environmental issues in the LCIA are divided in different 
impact categories (acidification, climate change, etc.), which 
makes it possible to convert the LCI profile to an LCIA pro¬ 
file, through a number of mandatory steps specified in ISO 
14042 (see Fig. 1). The LCIA profile corresponds to the 
communication outcome from the mandatory part of an 
LCIA/LCA. Besides data quality analysis, optional elements 
are normalisation, grouping and weighting. 

For each impact category (e.g. eutrophication) category 
endpoints (e.g. loss of species, algae blooming) have to be 
established. The environmental mechanisms behind the cat¬ 
egory indicator (e.g. deposition increase of N/P equivalen- 
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Fig. 1 : Mandatory elements of LCIA according to ISO 14042, including the concept of category indicators (Integration of Fig. 1 and 2 in ISO 14042, 2000). 
•Different temporal and spatial resolution results in different sets of characterisation factors for the same substance (and therefore the plural form is used) 
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cies in the biomass) is elaborated in a characterisation model 
(e.g. a stoichiometric procedure which identifies the equiva¬ 
lence between N and P for terrestrial and aquatic system). 
The outcome from the characterisation model is made op¬ 
erational in the LCIA by characterisation factors for differ¬ 
ent substances (e.g. P0 4 3 /kg emission). 

The consequence of category endpoints is addressed with 
respect to safeguards. The term safeguard (also called areas 
of protection; Consoli et al. 1993) is not defined in ISO 14042, 
but is similar to the term group category endpoint. The group 
category endpoint is divided into natural environment, hu¬ 
man health and resources. If these three safeguards were 
accepted, resources would then have to account for both 
natural and man-made resources in order to be compatible 
with this two-dimensional resource approach suggested by 
Udo de Haas and Lindeijer (2001). 


1.2 The aim behind and beyond ISO 14042 

From a user perspective, the LCIA step has two major points 
of interests. The first is to develop the inventory profile's 
environmental dimension. The second is to aggregate the 
result into as few figures as possible. The aim of aggregating 
the result sometimes into a single score index drastically af¬ 
fects the significance of the LCA-result. This can, however, 
be justified when non-specialists need to interpret the envi¬ 
ronmental profile for internal use. For this reason, it would 
be more correct to only address environmental issues man¬ 
aged by natural science in the LCIA step, and then follow 
up by a more comprehensive and user-friendly evaluation of 
the environmental profile in the life cycle interpretation phase 
of an LCA. During the process of interpretation, implemen¬ 
tation of value choices should be in line with the general 
aim to condense the overall result, but restricted to the in¬ 
terpretation step. The LCI and LCIA steps should then also 
further constitute the environmental science-based decision 
support. Such development of LCA within the ISO umbrella 
may be a relevant issue for the revision now underway of 
the whole 14040-family. This weak part of the ISO stand¬ 
ard can be explained in an historical perspective, since ISO 
14043 was originally aimed at the improvement issues and 
was then converted to the interpretation step of an LCA 
during the process. 


1.3 ISO 14042 opportunities 

ISO 14042 indirectly outlines two strategies for addressing 
the assignment of relative significance to the impact catego¬ 
ries in an LCIA profile. The first strategy is an optional choice 
in the standard to use normalisation and grouping of the 
LCIA profile for public comparative communication. In this 
strategy, as applied here, weighting factors are not used and 
ranking of impact categories is avoided. The alternative strat¬ 
egy is to actually estimate the damage on the safeguards 
such as human health, ecological health and natural re¬ 
sources. In theory, this should be possible, but it is not in 
practice. This is due to a lack of information within the LCI 
and the characterisation model, which would have to in¬ 
clude non-linear damage functions in order to receive the 
impact category endpoint. This will also be in conflict with 


the line of argument within the LCA approach of 'potential 
environmental impacts' (read; potential environmental ef¬ 
fect) as described in ISO 14040. 

In practice, therefore, 'damage-oriented' approaches are in¬ 
troduced instead, e.g. Eco-Indicator (Goedkoop et al. 1998). 
But this approach also holds its own problem, because dam¬ 
age-oriented effects are not directly additive by natural sci¬ 
ence. For instance, it is impossible to assess different effects 
to human health like death and lifelong asthma (for exam¬ 
ple, handled in the Daly concept), because this includes value 
choices (Murray and Lopez 1996). 


1.4 Two approaches to achieve environmental significance 

We will here require that the selected impact categories 
should be independent from each other. Otherwise double 
accounting problems will occur. This independence is also a 
requirement for the safeguards. This implies that one should 
not include two impact categories covering the same cat¬ 
egory endpoint, for example, ozone formation for low as 
well as high NO x background levels. In these cases only one 
option that corresponds to the current conditions should be 
chosen. Alternatively, if information from the LCI is miss¬ 
ing, the resulting figure could be given with an indication of 
the level of uncertainty caused by the knowledge gap. In 
such a case, the same characterisation model will be applied 
using different sets of characterisation factors, valid for dif¬ 
ferent spatial or temporal frames. Another consequence of 
this requirement, is that indicators like 'waste generation', 
as e.g. utilised in ISO/DTR 14047 Ex. 7 (ISO 2001), EDIP 
(Wenzel et al. 1997) and the Swedish environmental prod¬ 
uct declaration system (MSR 2000), would not be accepted 
in the LCIA profile. A stressor indicator such as waste to a 
landfill would also be rejected if the role in ISO 14041 con¬ 
cerning elementary flows were considered. 

A category endpoint will, in reality, cause a number of ef¬ 
fects. As indicated in Fig. 1, ISO 14042 does not actually 
include direct quantification of such (absolute) effects, only 
indicators that assign the potential effects within the LCIA- 
profile. The individual category endpoint effects are in real¬ 
ity dependent on each other, as indicated in Fig. 2. The dam- 


Stressor Damage 

LCI profile LCIA profile Category endpoints 


Safe¬ 

guards 



Fig 2: Principal overview of relationships between stressor and the dam¬ 
age defined as category endpoints in a damage-oriented approach (It is 
here assumed that the LCIA-profile does not include any value choices). 
The dotted line indicates dependencies between different category 
endpoints not accounted for, e.g. synergistic effects 
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age approach illustrated in Fig. 2, includes different poten¬ 
tial effect related endpoints where spatial and temporal dam¬ 
age functions are essential. A number of operational 'dam¬ 
age-oriented' approaches are frequently used e.g. ExternE 
(1995, 1997), Eco-Indicator (Goedkoop and Spriensma 
2000) and EPS (Steen and Ryding 1992, Steen 1999), and 
EDIP2000 (Hauschild and Potting 2001). 

An alternative method to improve the environmental rel¬ 
evance in the LCIA step, which does not include a value 
choice-based damage approach, can be achieved by so-called 
environmental quality objectives (EQO). EQO includes es¬ 
timations, which preferably should be based on scientific 
common knowledge, which is why the EQO will then be of 
a normative character. These kind of normative decisions 
may also include elements from social and political sciences. 
EQO indicate environmentally acceptable conditions that 
can be regarded as ecologically sustainable, defined by a 
critical load function. Environmental critical loads based 
on best available techniques or best possible techniques are 
not considered here to be relevant for EQO, since the envi¬ 
ronmental impact relevance is not accounted for. 

In order to apply EQO in LCA/LCIA, it is necessary that the 
critical load is expressed as a mass flow rather than a recipient 
concentration, etc. Such EQO are put forward in a holistic 
way in the so called Swedish environmental quality goals 
(Swedish Government 2001), which are then used for nor¬ 
malisation of the most common impact categories (Erlandsson 
2000, Erlandsson 2001). Other approaches such as the EU's 
ceiling directive (EUc 2001) is a mixture of EQO and political 
emission targets, and does not cover all impact categories. A 
comprehensive record of all kinds of EQO (also called Sus¬ 
tainable Reference Value) and emission targets can be found 
in the EEA - STAR database (EEA 2002). Also the German 
UBA valuation method facilitates a mixture of EQO (critical 
load) and political emission targets per impact category as 
part of the assessment method (Schmitz and Paulini 1999). 

The question of who has the permission to contribute to 
this environmental impact is an additional issue related to 
the EQO normalisation approach. This is a matter constantly 
on the political agenda. Therefore, different international 
agreements result in a quota system where the acceptable 
amount per contributor is restricted on a national level. 
However, it will still be a normative decision in the LCIA to 
decide for instance if the acceptable annual emissions con¬ 
tribution to climate change should be normalised per global 
individual citizen, or if national or regional politically ac¬ 
ceptable quota should be applied (as according to the Kyoto 
protocol, etc.). Because of this specific issue, LCIA always 
includes some socio-economic elements, direct or indirect, 
in a normalisation. 

When EQO are put into operation in the LCIA it was here 
found to be appropriate to include the precautionary prin¬ 
ciple within the normalisation step in order to streamline 
the result. The precautionary principle is based on the fact 
that the system's vulnerability is to a great extent determined 
by its weakest part. In this respect, acidification is deter¬ 
mined by the safeguard ecological health and not human 
health, etc. A normalisation based on EQO would then fa- 



Potenti.il environmental causalities. Included Environmental causalities, 

_ In the LCIA normalisation _ considered for In the EQO 

Fig. 3: A normalisation based on environmental quality objectives, includ¬ 
ing the precautionary principle, will streamline the LCIA profile without in¬ 
cluding weighting elements. Damages are indirectly accounted for via EQO 
(dotted lines) 


cilitate the determination of the contribution to the safe¬ 
guards, as illustrated in Fig. 3 (i.e. the single line from each 
impact category to a safeguard). In a damage-oriented ap¬ 
proach, in contrast, it is required that each individual con¬ 
tribution from an impact category (potentially) affecting all 
safe guards is accounted for via a number of category end¬ 
points, as illustrated in Fig. 2. 

A normalisation based on EQO forms a scenario where a 
number of acceptable environmental category endpoint con¬ 
ditions are safe, acceptable or tolerable on a scientific basis. 
The collection of all EQO together describes future sustain¬ 
able environmental conditions where the safeguards are pro¬ 
tected. This implies that the category endpoint's contribu¬ 
tion to a safeguard must be fulfilled if the ecologically 
sustainable society in its turn shall be fulfilled. In that re¬ 
spect, the normalised impact categories contribute equally 
to the safeguard. In contrast, in a damage-oriented approach, 
it would be necessary to phase the ranking of all of the dif¬ 
ferent effects included against each other, and this therefore 
includes elements of value choices. 


1.5 EQO and critical load function in practice 

A damage-oriented approach has to consider current back¬ 
ground conditions and, from that perspective, predict the 
effect of an additional environmental load. For long-lived 
products, the background conditions vary. This has to be 
considered if a relevant outcome from the LCIA is to be 
achieved. In the normalisation approach suggested here, it 
would not be suitable to use current background conditions 
in a characterisation model, since it could cause misleading 
information (see example below). Instead, the future (ulti¬ 
mate) sustainable background conditions are used to obtain 
the characterisation factors in order to maintain a stringent 
methodology. The ecologically acceptable sustainable envi¬ 
ronmental load then has to be defined for each category 
endpoint, i.e. the critical load. Since EQO are used, the criti¬ 
cal loads defined also constitute the normalisation references 
for the safeguards. 
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The definition of the EQO and critical load is by no means 
given once and forever. In its original definition, it includes 
possibilities for improvements due to additional scientific 
knowledge. Acidification can be used as an example. The 
initial concept of critical loads (Nilsson and Grennfelt 1988, 
Grennfelt and Thornelof 1992) was developed about 15 years 
ago when the critical load was exceeded across large parts 
of Europe. An EQO related to the critical load concept was 
derived with emphasis on the protection of forestry ecosys¬ 
tems. Nowadays, the areas of land where this critical load is 
exceeded are much smaller. In this new situation, an im¬ 
proved critical load concept could be argued, taking into 
account a broader perspective in the EQO including such 
aspects as the dynamics of recovery and influence of various 
land use protection methods (Grennfelt et al. 2001). 

Another interesting outcome from the normalisation ap¬ 
proach is photochemical ozone formation, where different 
characterisation factors can be found based on the current 
background situation (Altenstedt and Pleijel 2000). In a situ¬ 
ation where background VOC concentrations are high, an 
extra emission of NO x (acting as a catalyst) would reduce 
the ozone load. This situation would be described in an LCLA 
as 'positive' emission concerning photochemical ozone. In 
an LCA, this is visible by a negative characterisation factor 
for NO x . However, in the suggested normalisation approach, 
the characterisation model is applied to a sustainable future 
background condition. In this case, a low NO x and VOC 
background condition is taken as a reference for the critical 
load. This then affects both the characterisation factors for 
NO x and VOC emissions, in the respect that under these 
conditions they will be regarded as 'negative' loads. 

Parallels could be drawn with a normalisation based on EQO 
by using the back casting technique. In this case, the LCIA 
will give a result based on a scenario where the environmen¬ 
tal critical loads are not exceeded (Fig. 4). 

With a damage approach in mind, one could argue: "If the 
analysis of the emitted substance concludes that no envi¬ 
ronmental critical load will be exceeded in reality, the sub¬ 
stance will not contribute to any environmental impact in 
the LCIA profile." 


If a damage-oriented approach is used, the 'damage func¬ 
tion 1 indicated in Fig. 4 will be a relevant working area con¬ 
cerning the environmental effect. When running a damage- 
oriented approach, an extra environmental load, for example, 
that contributes to a concentration beneath a threshold, 
should then consequently not contribute to the environmental 
impact and the LCIA-profile. This is shown in Fig. 4 as the 
'potential effect 1 . When this situation occurs, the risk mini¬ 
misation approach will still be relevant. In this case, the 
normalisation procedure suggested here could then be uti¬ 
lised in parallel. 

LCA was originally developed as a risk minimisation tool 
because it is a relative approach-based tool (ISO 14042). In 
reality, environmental loads beneath the critical load cause 
a potential effect for some substances, e.g. particle and ion¬ 
ising radiation (radon). Even if an emitted substance can be 
proved to have no effect beneath a threshold, this emission 
can be regarded as a contribution to a concentration that 
may exceed the threshold in the future. A normative deci¬ 
sion can then support a decision where all emissions that 
potentially or actually contribute to an exceedance of a 
threshold shall be considered in the environmental burden. 
This justifies linearity between the threshold and the origin, 
see Fig. 4. This linearity is here referred to as a critical load 
function. This can be likened to the common sink problem, 
where the 11th litre of water causes the sink with a 10 litre 
capacity to overflow. The question is whether it is only the 
last litre that is responsible for the overflow. If LCA oper¬ 
ates in the potential effect area indicated in Fig. 4 or just 
above the critical load, it is suggested here that all 11 litres 
would carry the same burden for causing the sink to over¬ 
flow. This would at least be correct when the normalisation 
based on EQO is applied. 

2 Results and Discussion 

A damage-oriented approach will have to take into account 
all the defined consequences of all impact categories that 
affect the safeguards. In other words, each impact category 
indicator and its potential effects on all safeguards must be 
evaluated and accounted for. In the case where a single cat- 
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Fig- 4: The relation between environmental load and potential or defined effect described by damage functions. In the figure, the critical load is indicated, 
which states the reference value for the normalisation and critical load function 
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egory indicator cannot be found without using value choices, 
a number of category indicators will then have to constitute 
an intermediate category indicator result. This intermediate 
category indicator result will be suitable for public communi¬ 
cation and is referred to here as a multi-damage category in¬ 
dicator result. Weighting can be applied to the multi-damage 
category indicator results for each impact category in order to 
form an integrated category indicator result , see Fig. 2. 

In contrast to the approach above, the suggested normalisa¬ 
tion procedure utilises the precautionary principle with re¬ 
spect to the essential EQO in order to achieve a category 
indicator result, called a critical load category indicator re¬ 
sult. In practice, this means that the number of figures in an 
LCIA-profile based on critical load will always be the same 
as the number of impact categories. 

In order to illustrate the magnitude of overall figures in the 
LCIA-profile, based on different category indicator results, 
a hypothetical example follows. In this example, the LCIA- 
profile uses five impact categories and each is described by 
only one category indicator (without introducing value 
choices). If each impact category affects all three safeguards, 
then the multi-damage category indicator result will consist 
of fifteen figures. Using the normalisation procedure pro¬ 
posed in this papery the critical load category indicator re¬ 
sult in the example consists of only five figures. In practice, 
when a damage-oriented approach is used, e.g. for human 
toxicity, a number of intermediate category indicator results 
will be adequate and, for this reason, the overall indicator 
result will be more than fifteen figures. On the other hand, 
the human toxicity impact category only affects the safe¬ 
guard human health. A multi-damage category indicator 
result can optionally be integrated per impact category by 
applying a weighting procedure such as DALY's or QALY's 
for human toxicity. 

A multi-damage category indicator result illustrates an un¬ 
ambiguous category indicator result. Such a profile corre¬ 
sponds to a relatively scientifically robust, communicable 
result, but with the significant disadvantage that it includes 
a relatively large number of figures. The multi-damage cat¬ 


egory indicator result is therefore found to have relatively 
low user applicability, but relatively high model reliability 
and unambiguity from a scientific point of view. 

The multi-damage category indicator is the basis for the 
comparison with other approaches illustrated in Fig. 5. Com¬ 
pared to the multi-damage indicator result, the critical load 
result is relatively more ambiguous, due to the normative 
decision to apply the precautionary principle. Some model 
assumptions also have to be made in the critical load ap¬ 
proach in order to evaluate a critical load based on EQO 
modelling. This brings about a reduction in model reliabil¬ 
ity. The overall evaluation of the critical load approach is 
that a drastically increased user applicability is achieved, 
whilst the uncertainties introduced is small. 

The integrated category indicator result generates the same 
amount of figures in the LCIA-profile as the critical load 
approach. Since the result is condensed to the same amount 
of figures, based on the same characterisation models and 
covering the same impact categories, the same relative user 
applicability is obtained, see Fig. 5. The integrated damage 
category indicator results in increased user applicability. This 
is achieved at the cost of introducing value choices and model 
assumptions in order to evaluate the potential damage. Al¬ 
together, this results in increased reliability and greater am¬ 
biguity of the indicator result. The negative aspect of greater 
ambiguity can be justified if further weighting is desired, 
since this approach includes full resolution to assess the po¬ 
tential effect on all category endpoints (compare with Fig. 2 
and the 'missing' steps in Fig. 3). 

The feasible weighting based on the integrated damage cat¬ 
egory indicator result is here referred to as a weighted (cat¬ 
egory) indicator result, communicated as a safeguard pro¬ 
file (Fig. 6). The input to this weighting process is the 
integrated indicator result already described. The weighting 
is performed across different potential effects and quality 
objects of the safeguards. The weighted indicator result will 
always be ambiguous, since the value of the damage can be 
interpreted in more than one way and varies according to 
the foundations of the value choice. 



Fig. 5: Choice of the most comprehensive type of category indicator result for an impact category. Trade-off in order to achieve an integrated category 
indicator will reduce the model reliability (assigned by applied models and assumptions) and increase ambiguity, since elements of value choices (interpre¬ 
tations) will be introduced. (Inspired by a figure by Jolliet O, Hauschild M and Potting J, found in: Hauschild and Potting 2001) 
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Fig. 6: Two approaches to carry out the optional elements in IS014042 and the outcomes are divided according to whether they are applicable for public assertion 


A final value choice-based step could then be a weighting 
across the safeguards, that results in a single score ecologi¬ 
cal indicator. However, the weighted indicator result, and 
especially the uncertainties in a single score ecological indi¬ 
cator, are even more subjective than previous steps and de¬ 
pendent only on human judgements to calculate the 
weightings. For this reason, neither of these last two value- 
based steps were found adequate to include in Fig. 3. 


By means of the stepwise procedure described above, full 
transparency of value choices is achieved in the LCIA, as 
summarised in Fig. 6. 

A SWOT analysis is given in Table 1 where other relevant 
aspects besides the possibility for public communication are 
put forward for the EQO normalisation versus a damage 
approach. 


Table 1 : SWOT analysis for the EQO normalisation and the damage approach excluding communication aspects 



EQO normalisation approach 

Damage approach 

Strengths 

The focus of the EQO is to define the critical load where no 
adverse effects occur. This corresponds to a situation where the 
natural and societal interests are congruent. The same spatial 
and temporal resolution as the damage approach is applicable in 
the most best available model, with the advantage that the spatial 
conditions related to the EQO will be independent of time, since a 
back casing perspective is applied. This makes the approach 
easy to apply, in particular for long-lived products. 

The damage approach attempts to describe the non¬ 
linear dose response relation, which is applicable for 
actual effects in nature. This approach is pointed out 
as the most adequate way for the mandatory 
weighting. 

Weaknesses 

A linearity between zero and the critical load is only commonly 
justified scientifically by ionising radiation, particle and carcino¬ 
genic substances. 

Both reliable models and data covering the needed 
cause effect chains are not yet established, which also 
affect the impact assessment model. Since boundary 
conditions change over time, the characterisation 
model will be time dependent, which makes an 
assessment of long-lived products problematic. 

Opportunities 

The needed EQO applies to a pro-active approach where the long 
time horizon political goals are congruent with the ecological 
goals. EQO at an impact assessment level is already established 
for most impact categories. 

The opportunity to calculate different effects or potential 
effects increases the relevance of the model output. 

Threats 

If the environmental political goals are far from the ecological 
goals determined by EQO, one of the most important inherent 
strengths for market acceptance of the approach will disappear. 

In the short perspective, the shortage of cause effect 
models for all impact categories makes a complete 
impact assessment impossible. The impact assess¬ 
ment model will reduce the model reliability (assigned 
by applied models and assumptions) and increase am¬ 
biguity. In the long run, when concentrations above 
different threshold are common, the approach is not 
applicable for risk minimisation. 
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3 Conclusions 

The aim of LCIA, in brief, can be said to give the LCI-pro- 
file an environmental dimension and to generate the deci¬ 
sion support for further interpretation. A trade-off always 
exists between distilling the result of an LCIA into as few 
figures as possible and maintaining environmental relevance. 
Where an LCA includes comparative issues and the aim is 
to communicate results publicly, the best available practice 
here is found to include a normalisation procedure. 

The suggested EQO normalisation procedure generates a 
set of critical loads per impact category, where each is de¬ 
fined by a critical load function and linearity is defined be¬ 
tween a zero load and the critical load. This procedure will 
affect the temporal resolution and the field of application of 
the LCIA method. The positive aspect is that the suggested 
normalisation procedure also renders the method applica¬ 
ble for long-lived products like buildings or other infrastruc¬ 
tures. This aspect is gained by reducing the damage-oriented 
resolution. Consequently, for long-lived products where the 
main environmental loads will appear in the future, it is hard 
to apply a damage-oriented LCIA method (if all boundary 
conditions are not assumed to be fixed). The EQO normali¬ 
sation method will, in this respect, improve the overall reli¬ 
ability of the outcome of an LCA when long-lived products 
are assessed. Also for short-lived products, the EQO nor¬ 
malisation method will be operational in a proactive per¬ 
spective, since the method is based on qualities that should 
be achieved rather than temporary effects based on current 
situations (back casting technique). In this respect, the EQO 
normalisation is found to be more pro-active and more real¬ 
istic to make operational in practice than a damage approach 
(see Table 1). Strictly applied, a damage-oriented approach 
working area is not applicable beneath thresholds, in con¬ 
trast to the EQO normalisation procedure. Adding the fact 
that source-oriented EQOs are part of the international po¬ 
litical agenda - such as emission targets related to different 
impact categories - the EQO normalisation procedure has 
the inherent possibility to make political environmental goals 
operational within LCM tools. 

The characterisation model in an LCIA method can be the 
same, independent of which of the two approaches are used, 
as long as no integration of category indicators are per¬ 
formed. For this reason, the same spatial resolution is rec¬ 
ommended to be used according to best available practice. 
The difference instead lies in how the characterisation model 
is made operational and the further, optional, value-based 
integration of category endpoints in the damage approach. 
The suggested EQO normalisation procedure aims at a criti¬ 
cal load that forms a common reference for normalisation, 
and therefore this boundary condition is also used in the 
characterisation model to generate adequate characterisa¬ 
tion factors. In comparison, a damage-oriented approach 
will have to take account of a scenario that estimates the 
actual background conditions over the product's entire life 
cycle and then estimates the integrated effect from an addi¬ 
tional environmental load at that specific point. With the 
spatial limitation in mind, it can be argued that a damage- 


oriented approach will make the LCIA more vague for long- 
lived products and hard to make operational. 

The normalisation suggested here is based on the following 
major normative foundations: 

• A critical load can be established for each impact cat¬ 
egory based on EQO 

• This critical load is followed up by a critical load func¬ 
tion where linearity is defined between a zero load and 
the critical load 

• Based on the precautionary principle, the contribution 
from an impact category will only be desirable for one 
safeguard, which streamlines the LCIA-profile 

• In order to determine the parties who are allowed to 
contribute to an environmental impact category, per 
capita normalisation is undertaken which is preferably 
based on politically established quota agreements. 

4 Further work 

This article is part of a joint venture research project with 
two goals. The first goal focusses on how results from an 
LCA, in general, can best be communicated irreproachably 
and the second on how human and ecological toxicity can 
be implemented based on such an LCIA method. For this 
reason, a complement paper will be produced where the 
described EQO normalisation procedure is exemplified in a 
case study, with special interest on assessment of chemical 
substances. 
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